Introduction
Sudden Deafness (SD) is unknown cause sudden sensorineural hearing loss which involves three or more contiguous frequencies [1] . The most common causes of SD were vasculopathy, autoimmunity, viral infection and trauma. Acute disorder of inner ear blood supply is one of the most likely factors among these four possible pathogenic causes. Ischemia and hypoxia are the most important pathologic links in SD. Reactive Oxygen Species (ROS) take an important part in cochlear injury after ischemia and reperfusion; antioxidants definitely reduce cochlear damage induced by ischemia reperfusion [2] [3] [4] . There are no international guidelines accepted for the treatment of SD [5] . The therapeutic regimen of SD varies at different otology centers; current treatments include corticosteroid, vasodilator, antioxidant, anticoagulants, antiviral medications, traditional chinese medicine, acupuncture, and hyperbaric oxygen etc. Among these medications, corticosteroids are considered as the most effective therapy [6] , and Hyperbaric Oxygen Therapy (HBOT) has been increasingly received attention [7, 8] . HBOT can increase the partial oxygen pressure and improve microcirculation. HBOT makes much more oxygen dissolve in the blood through the increased partial oxygen pressure. It also improves the oxygen supply of cochlea, and this is the mechanism that HBOT is useful for the treatment of SD. With converse thinking, the medicine that can increase the hypoxia tolerance and utilization of oxygen should be useful for the treatment of SD.
Medicinal plant Rhodiola Sacra (RS) is very famous for its property of anti hypoxic effect. It can increase the hypoxia tolerance and utilization of oxygen. It is a subtype of Rhodiola plants that can improve work efficiency, resist fatigue, relieve depression and prevent altitude sickness [9] [10] [11] [12] [13] . It has many pharmacological effects, and the most important pharmacological action is anti hypoxia and anti oxidation. Phytochemical investigations showed that RS contains about 19 antioxidants [14] . Among them, salidroside is the most important ingredient for the pharmacological action. Salidroside has significant antioxidant activity and its antioxidant capacity is concentration-and time-dependent [15] . Salidroside also has very strong anti hypoxia effect [16] [17] [18] [19] [20] . So, we speculated that RS has the treatment effect on SD. In this study we observed the treatment effect of RS on SD.
Materials and Methods

Patients and evaluation
The study consisted of RS group and non-RS group. All patients in this study received treatment in the Outpatient Department of Otolaryngology, Guangzhou General Hospital of Guangzhou Military Command. All the patients were in strict accordance with the diagnosis of SD. Informed consents were signed by all patients. And the time from hearing loss to treatment was less than 3 days. All patients received hearing tests including tympanometry, pure tone audiometry, and auditory brainstem evoked responses before treatment. In order to rule out brainstem lesions and acoustic tumors, magnetic resonance imaging of cerebellopontine angle and the internal auditory canal was done during treatment. Evaluation of hearing loss was assessed by the average hearing threshold at 250, 500, 1000, 2000, and 4000 Hz. The study was approved by the Ethics Committee of our hospital. In addition, exclusion criteria: (1) with history of noise exposure, ear disease, ototoxic drugs; (2) with systemic disease, such as hyperglycemia blood disease hypertension, and hyperlipemia etc.
Patient groups and treatments
The patients of this study were randomly divided into RS group and non-RS group. Each group contained 26 patients (26 ears). Patients
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were asked to quit smoking and drinking during the treatment. Also, patients were instructed to avoid mental work and have enough rest. The patients of both groups were intravenously treated with dexamethasone in the morning at the dosage of 0.2 mg/kg/d for 10 successive days. Compound vitamin B was taken orally 2 tablets three times a day. 20 ml danhong injection that is a typical vasodilator of traditional chinese medicine was also intravenously administrated [21, 22] . The difference was that the RS group was treated with RS, and the non-RS group was treated with placebo. RS (Commodity name, Nuodikang Jiaonang, Tibet Nuodikang Pharmaceutical Limited Company, China; was approved by Chinese Drug Administration, approved Number:Z10980020) was administrated orally at the dosage of 560mg each time, three times a day for 10 continuous days.
Hearing test
The first hearing test was examined as soon as possible before any treatment. The pure-tone hearing thresholds were examined with GSI 61 clinical audiometer by a qualified hearing technician. Auditory brainstem evoked responses and tympanometry were also examined. The follow-up pure-tone hearing thresholds were taken when 10 days of treatment was finished. The patients who were not complete recovery in hearing during 10 days of treatment would receive an additional hearing test in 12 weeks. The hearing threshold measured at 12 weeks after starting treatment has been considered to be permanent threshold. Hearing losses were compared by using pure tone averaged thresholds of 250, 500, 1000, 2000, and 4000 Hz. Absolute hearing gains of hearing thresholds were considered as the differences before and after treatment.
Statistical analysis
χ 2 and t tests were done by using SPSS 20.0 statistical software package.
Results
Profile of patients
All patients of both groups were with varying degrees of tinnitus and ear fullness, but with no vertigo. The profiles of the patients of both groups were showed in table 1. There were no marked differences in age and gender between two groups. Also, there were no marked differences in hearing thresholds before treatment between RS and non-RS groups (P>0.05).
Therapeutic outcomes
The therapeutic outcomes of two groups were showed in table 2. The average hearing gain of PTA was 34.58 ± 8.51 dB and 22.05 ± 7.57 dB in RS and non-RS groups, respectively. It showed that the hearing gain in RS group was much higher than that of non-RS group (P<0.01). Also, the hearing gain at 250, 500, 1000, 2000, and 4000 Hz in RS group was much higher than that of non-RS group correspondingly (P<0.01).
Discussion
SD is not an independent disease; it is a symptom of cochlear disease. There is no specific treatment for SD currently, and comprehensive treatment has been advocated to improve the outcome. This study observed the effect of RS on SD. The hearing gains of 250, 500, 1000, 2000, 4000 Hz and PTA in RS group were marked higher than those of non-RS group (P<0.01). The results have confirmed that RS has curative effect on SD.
Vascular dysfunction is considered to be the first pathogenic factor of SD. Blood disease or systemic vascular disease greatly increases the incidence of SD [23] . Decreasing blood pressure rapidly can induce SD in hypertensive patients [24] . Also, SD may be the precursor of cerebrovascular diseases [25, 26] . Reducing the inner ear blood supply artificially can successfully make animal model of SD [27, 28] . These indicate that disorders of cochlear blood supply are the main cause of SD. Cochlear hypoxia following ischemia occurs simultaneously, and it reaches a consensus that ischemia and hypoxia are the most important pathologic links in SD [27] [28] [29] [30] [31] [32] . Ischemia-reperfusion definitely aggravates cochlear injury through the oxidative damage pathway [2, 33] .
Hypoxia following ischemia reduces mitochondrial phosphorylation and formation of ATP, and produces much more superoxide. Blood oxygen content returns to normal level during reperfusion following ischemia. Much more superoxide has been produced by abundant oxygen during reperfusion. NADPH oxidase and xanthine oxidase can catalyze O 2 with hydronium ions to create superoxide. ROS can directly damage DNA, lipids, proteins, and also damage cell through activating the caspase pathway. Also, nitric oxide synthase (NOS) takes important part in the cochlear damage following transient ischemia [33] . Inducible Nitric Oxide Synthase (iNOS) can catalyze the generation of large amounts of Nitric Oxide (NO) in damaged cochlea. Peroxynitrite (ONOO -) is produced when NO reacts with O -. ROS can also increase the formation of NO. ROS/NO can activate JNK pathway in the damaged cochlea [34] . JNK activates c-Jun that can induce the apoptosis of oxidative damaged cochlear cells [35] . 
RS is the typical representative of anti hypoxia drugs of traditional chinese medicine. RS has been used for preventing mountain sickness for thousands of years in china. Diving or high altitude can induce hypoxia in human body, trauma or other pathological damage factors also cause hypoxia in organs. RS has been widely used for treating the diseases related to hypoxia. For example, rhodiola has been widely used for angina pectoris and Ischemic Heart Disease (IHD) in China. Many clinical studies confirmed that symptoms of IHD could be relieved by rhodiola [36] . The exact mechanism of RS against hypoxia is not clear. Possible mechanisms are as follows: (1) salidroside increases glucose uptake and up regulates protein O-GlcNAc and reduces cell damage induced by ischemia/reperfusion [17] ; (2) salidroside inhibits Hypoxia-Inducible Factor (HIF)-1α expression and its translocation [19, 37] ; (3) salidroside inhibits mitochondria-dependent and fas-dependent apoptotic pathways [8] ; (4) salidroside's property of oxidation resistance [38, 39] . It is easy to understand that salidroside is effective for SD through its property of oxidation resistance [38] [39] [40] [41] [42] [43] . The chemical formula of salidroside is C 14 H 20 O 7 , and molecular weight is 300.30. Salidroside is a small molecular weight that can pass through the blood labyrinth barrier.
In addition, overwork and psychological stress seem to be the possible incentives for SD. RS has the function of anti fatigue, anti anxiety and anti depression [9] [10] [11] [12] [13] . Rhodiola sacra's improving the curative effect of SD may be also dependent on its property of anti fatigue, anti anxiety and anti depression.
Conclusion
We demonstrated that RS was positive to improve the recovery of SD. There are no published paper to explore the effects of RS on hearing loss currently. The most likely mechanisms of improving hearing from SD are through its property of anti hypoxia and anti oxidative damage, this can be demonstrated from previous publications about rhodiola plants research. The study that we have just finished confirmed that rhodiola sacra inhibited the expression of HIF-1α and ROS in cochlea exposed to impulse noise and reduced cochlear injury. This demonstrated that rhodiola sacra reduced cochlear damage through its property of anti hypoxia and oxidation resistance. 
